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(57) Abstract: It is intended to provide a novel gene participating in the acetic acid tolerance of an acetic acid bacterium; a method 
of improving tlie acetic acid tolerance of a microoi^ganism, in particular, an acetic acid bacterium using the gene; and a process for 
efficiently producing vinegar having an elevated acetic acid concentration with the use of the acetic acid bacterium having the thus 
improved acetic acid tolerance. A gene enabling an acetic acid bacterium to grow in a medium at such an acetic acid concentration 
that it cannot grow in usual is obtained from an acetic acid bacterium chromosomal DNA librao'- Thus, a novel gene having a function 
of improving the acetic acid tolerance of a practically available acetic acid bacterium belonging to the genus Gluconeacetobacter to 
a practically usable level is cloned. In a transformant having the above gene transferred into an acetic acid bacterium, the acetic acid 
tolerance is remarkably improved. When this transformant is cultured under aeration in the presence of ethanol, the growth inductive 
period can be shortened and the growth speed can be elevated. Moreover, the final acetic acid concentration can be remarkably 
elevated tliercby. 
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M/iP'Rrtl-e^ofeOtC^UTs TD^T-fe h/N'^^- • T-fe^N o. 1 0 2 3T* 
-•T-bf^No. 1 0 2 3»i;g^^%^gi^ibi!lbfeo 
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5 L6DYP GmtHT. 3 0•C^ 4 0 0 r pm> 0. 2 0 vv mCDSmMJI^ 

-.;;>o(,_4,{^^j^-^j*^^^^^(5 a-rjfe 7 0 0 m L {cM T > f >> U 

> 1 0 O/ig/ml^-^tp 1 . 8 L(DYF GmM^mmvxmmsVo. :x.^ ^ 



m 1 





(%) 


(OD660/h r) 


(%/hr) 


mmmmm 

(hr) 




9 . 5 


0 . 0 1.5 1 


0 . 10 3 


6 2.5 




11.1 


0 . 0 3 2 3 


0 . 13 6 


2 4.0 



miicD^mip^. m^mmm(D:^-^s mmm^mmmm. itmmmm. & 



--f (Gluconacetobacter entanii) ® h.>^^^ — • TJIYT 

•fe h^:?.;^MH- 2 4 (AcetobacteraltoacetigenesMH-24) *5|c (PERM B 

p-4 9 1) (caii/^ hD7iiL/->>3>^ m^i£s mm^^mQmm) cu; 
-:ixmMumvtco MMmmmi± i o OAig/mi®:p>fc:iy y >st>*4%cD 

xmni^tcio 
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mi^mizi^. SLCQ^^i^i'- (H^^^yM^xa^M ; KMJ- 5 A) 
fflV^Ts B^i^4%> aitJ^y— ;i/4 %^ TVtfi^U > 1 0 0 A^g/ml ^-^tf 2 . 
5 LCDYP G^ifefciTs 3 O'C. 5 0 0 ^pm^ 0. 2 0 vv mcDjl^^Jsf 



m.2 





mmmm 
(%) . 


itmmmm. 

(OD660/hr ) 


(%/hr) 




14.6 


0 . 5 0 1 


0.142 




16.2 


0.756 


0.175 



m2(D^Mi>^. mmmm^<D:&t^. ^mmmmmmm. itmrn^m. ^ 

T-feh>'^^^--T-b5=-No. 1 0 23 (Acetobacter aceti No. 1023) m (F 
ERM B P - 2 2 8 7) ^YP G:*ifc ( 3 0. 5%m&^^ 

0. 2%7}1iJ^r h >) T* 3 O'CICIT 2 4I^^Miia^«^ff ^ofeo 

mm. ^mm^^i&'Mm (7 , sooxg, i o^) M-f*<&^§feo ft^n 

±mxmm\^tcT)'NA^mMiZV. inver sePCRS^«V>T> p 

(Acetobacter altoacetigenes MH-24) WX io ntzB N AM^i (BS^J^ 1 ) 
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mm-^s (^10) izm-r) ^-^mx^tco ^vi^ -r-^ yj^^^— • t-^^no. 

102 Smo^m^i^D N A^mm t. lyfaF CRM^&^i&ff V^^ 7 5 0 b pCDti 

feo 

mMm5i2m^nfty^ h-p S ft 2^^J]/:n>T'k h/^^^' — • x> 
^ — (Gluconacetobacter entanii) <D IW^^^T^z h.'^^^— • h T 
•feh^^-::^MH-2 4 (Acetobacter altoacetigenes MH-24) (FERM B 
P-4 9 1 ) icxv^^ hnitl^ — >^ #^1^1^:^:^ 6 #^) J; 

oTBl^tembfeo J^M^mfttil 0 0;aff/ml®7'>t:i^U>Zit54%O 
mmt4 — ;i/:£^jpbfe 0 . 5 5 %® Y P G^^^^Ufa 

*^e<JicH:^ 5L®^-i?^- ( = ^;/'7S<b^x||:a:8^ ; KM J - 5 A) ^ 
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mm4%^ 3^^^-;i/4%> 7'>t^S^U > 1 0 0 ju g /ml ^^ts 2 . 
5L<DYF Gi^MKX^ 3 0'C^ 5 0 0 r p m> 0. 2 0 vv mco 

^ -i;^ — ^'{^^b-Ct&^t^^mt) tabs n-z>tc7 0 OmLJC^bTTVi; 
U > 1 0 0 ,a g/m 1 <£^tf 1 . 8 L ® Y P Gi^tt<&^^;{lP bT 6 %. 





mmm. 
(%) 


(OD660/hr) 


(%/hr) 




14.6 


0.501 


0 . 14 2 




16.0 


0.605 


0 . 15 3 



m.3(Dm^i^^^ mM^i^^<Dy5i^^ mmmmmmmm. ttmrnm^. 
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W ^ O IS ffl 

1 TfBco (A) s (B) {c:^-r^J'>/''?^'^SPTo 

(A) mn^<Dmnm^ 2 izmmoT ^ ^ mMim^^T ^ y^-^i^Mo 

OT^y^Ogms HM. X{±3S*^ii4^tfT^ y ^iB^Jd*^:fe t)^ 

2 TIB® (A) s XH: (B) iZmT^ >^^^WSP T^zi—r-r ?i 
jt-fe^CDNAo 

(B) mm]m.(Dmnm'^2i,z.mm(D'r^jmmmi^^i^^x. i^u<tt^^ 

3 TIB© (a) ^ Xt* (b) (c^-T D N ATfe -Slt^^I 2 (cfBlgcDitt 
fe^®DNAo 

( a ) iB^J^©iB^J#-^ 1 iz%M(Dm&m.^i(D -5 ^> 18 7-13 

8 6 35>6JS:54g^i3^j5fe^tfDNAo 

( b ) mm^(Dmnm-^ i fcHB^cDJ^aiB^^y® a i 8 7 - 1 3 

4 Tia© (A) . Xfi (B) >>'^^®S P T 2o 

(A) Mnm.<omnm-^4iz^&n<oT^^mmn^mT?>^>^-^^mo 

5 TIB© (A) ^ xy: (B) K^T'^ >'^^^WSF T 
?>jS^i^®DNAo 
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(B) mmm.<Dm^m'^4i,zmm<DT5. ymmmic:isyyx. i ^b<{iisc^ 
<DT^ >^m<Dm^. .iR.^. j^As ma. ^i^Mm^^tsTs^ymm^ia^^^y). 

6 TIBO (A) ^ Xlt (B) fc^-TD NA-e$>i)li5l<lS 5 K:|3«® 
jt^^CDDNA, 

(A) iB^J^®ia^J#-^3 Jc:f3®®J^SiB^JcD-5 JyS^#-^3 8 6-16 

(B) i3^J*®iH^J#-^3 ClBi^OigSiB^JCDa t.^ 3 8 6 ~ 1 6 

7 it^^2s Xliit^^l3s <fe b < ttlt^:^ 5 s 3ltt»^Xg6{cf3 
^® S 2^ -r « It^]^ 7 fdlBtt® m^#Jo 

1 0 m^m2. x«ii^]^3 ^c:f3l8c!)DNA^^^;eM^a^r7y^ ^ h- 

pUSPT(FERM BP-7932)> * b < {*m^Jl 5 s Xttll^J^ 6 
^3i3«©DNA^c'^^;/^Jffi^^l^t7•^^^ KpUS PT 2 (FERM BP-8 
3 0 4) o 
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mm 



EcoRI 



EcoRV 



PstI 



Smal EcoRV/ EcoRI PstI Ball PstI 

I Li 11 ^ L_J 



Acetic acid resistarjce geiie 



pSPT 



Ikb 



EcoRV . NgoI 



Hindm 



pSPT2 




0.5kb 
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m 3 ; 



0.8 




0 50 100 150 200 250 300 



Time(h) 



2/6 



wo 03/078635 



PCT/JP03/02946 




wo 03/078635 

MetSerllePheSerLysTyrGluGlyLeu 

GlyGlyArgAsnProPheAsnYalVallle 

IleGluGlyArgGluThrLeuLeuPheGly 

ProAlaAlalleGluAlaAlaValGluAla 

SerArglleAlaAsnGlyThrGlnGlyLeu 

PhePheArgArgArgHisCysMetValPhe 

1 1 eSerAl aLeuAl aGlyLy sAspAspTyr 

1 1 eTyrAspGlyS erAr gLeuGl yHi s Al a 

AspAspLeuHisLysArgLeuArgArgLeu 

ValSluGlylleTyrSerMetMetGlyAsp 

LysArgGluThrGlyAlaTrpLeuLeuAla 

GluHisGlyArgGlyValAlaGluSerAsp 

GlyThrPheSerLysSerLeuGlyThrVal 

LeuAspLeuIleArgLeuCysSerArgPro 

Val 1 1 eAl aAl aThrMet A laAlaLeuThr 

Ar gL euMe t As p As nAl a Ar gAr gLeuHi s 

GlyProGlnAlaSerProValValSerVal 

PheTrpAsnArgLeuLeuAspLeuGlyVal 

ProAspGlnHi sProLeuLeuAr gThrSer 

AspAxgAlaValGluIlePheAlaValVal 
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AlaSerAlaLeuSerAlaValThrAlaAsp 


20 


GluLysProIleSerSerThrValGlyLeu 


40 


ThrAsnAsnTyrLeuGlyLeuSerGlnSer 


60 


AlaAxgAlaTyrGlyValGlyThrThrGly 


80 


HisArgGlnLeuGluGluArgL^uCysThr 


100 


SerThrGlyTyrGlnAlaAsnLeuGlyThr 


120 


LeuLeuLeuAspAlaAspSerHisAlaSer 


140 


Gl n Val 1 1 e Ar gPheAr gHi s Asn AspAl a 


160 


AspGlyThrProGlyAlaLysLeuValVal 


• 180 


ValValProMetAlaGluPheAlaAlaVal 


200 


AspGluAlaHisSerValGlyValMetGly 


220 


GlyValGluAspAspValAspPheValVal 


240 


GlyGlyTyrCysValSerAsnHisAlaGly 


260 


TyrMetPheThrAlaSerLeuProProGlu 


280 


GluLeuGluAsnArgProGiuLeuArgVal 


300 


AspGly LeuGl nAl aA 1 aG lyL euAr gThr - 


320 


UeLeuAspAspValAlaValAlaValAla 


340 


TyrValAsnLeuSerLeuProProAlaThr 


360 


ValMetAlaThrHisThrProGluGlnlle 


38.0 


AlaGlyGluMetGlylleAsnArgAlaAla 


400 
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m 6 



MetThrSerLeuPheSerLysPheGluGly ThrAlaGlyAlaLeuGlySerValValAla , 


20 


ValGlyGlyArgAsnProPheAlaValVal IleGluLysProValSerSerThrValGly 


40 


llelleGluGlyArgGluThrLeuLeuPhe GlyThrAsnAsnTyrLeuGlyLeuSerGln 


60 


SerLysAsnAlalleGlnAlaAlaGlnGln AlaAlaAlaAlaCysGlyValGlyThrThr 


80 


GlySerArglleAlaAsnGlyThrGlnSer LeuHisArgGlnLeuGluLysAspIleAla 


100 


AlaPhePheGlyArgArgAspAlaMetVal PheSerThrGlyTyrGlnAlaAsnLeuGly 


120 


IlelleSerThrLeuAlaGlyLysAspAsp HisLeuPheLeuAspAlaAspSerHisAla 


140 


Ser 1 1 eTyr AspGl ySer Ar gLeuSer Ala A 1 aG lu¥a 1 1 1 eAr gPhe Ar gHi sAsnAsp 


160 


ProAspAsnLeuTyrLysArgLeuLysArg MetAspGlyThrProGlyAlaLysLeuIle 


180 


Valval GluGly 11 eTyr SerMetThrGly AsnValAlaProIleAlaGluPheValAla 


200 


ValLysLysGluThrGlyAlaTyrLeuLeu ValAspGluAlaHisSerPheGlyValLeu 


220 


GlyGlnAsnGlyArgGlyAlaAlaGluAla AspGlyValGluAlaAspValAspPheVal 


240 


ValGlyThrPheSerLysSerLeuGlyThr ValGlyGlyTyrCysValSerAspHisPro 


260 


GluLeuGluPheValArgLeuAsnCysArg ProTyrMetPheThrAlaSerLe-uProPro 


280 


GluVallleAlaAlaThrThrAlaAlaLeu LysAspMetGInAlaHisProGluLeuArg 


300 


LysGlnLeuMetAlaAsnAlaGlnGlnLev HisAlaGlyPheValAspIieGlyLeuAsn 


320 


AlaSerLysHisAlaThrProVallleAla ValThrLeuGluThrAlaGluGluAlalle ■ 


340 


ProMetTrpAsnArgLeuLeuGluLeuGly ValTyrValAsnLeuSerLeuProProAla 


360 


ThrProAspSerArgProLeuLeuArgCys SerValMetAlaThrHisThrProGluGln 


380 


IleAlaGlnAlalleAlallePheArgGln AlaAlaAlaQluValGlyValThrlleThr 


400 



ProSerAlaAla 

mi' 

5* — CTGGCTGCCTGTATCGT C T C T CT C AAG C AG — 3 
,121 8 

5 '-ACGGCTGCAGCTGGTCTTGCGGTATGT— 3' 
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5 *-GGCAAACCTCGGCATTATTTCCACGCTGGC- 3 

'HI 1 o 

5 - '-G C G AAT CT GG T G T AG C C G G A G G A A G G C T G - 3 ' 

mil 

5'-GCCAGCGTGGAAATAATGCCGAGGTTTGCC — 3 

mi 2 

5 CAGCCTTCCTCCGGCTACACCAGATTCGC-3' 
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SEQUENCE LISTING 
<110> Mitsukan Group Corporation 

<120> Structural gene responsible for acetic acid resistance in acetic 

acid bacteria, acetic acid bacteria transformed with said gene, and acetic 

acid fermentation using said transformants. 

<130> 6676 

<141> 2003-3-12 

<160> 4 

<210> 1 

<211> 2016 

<212> DNA 

<213> Gluconacetobacter entanii 
<400> 1 

gatatcaatg gcagcagcaa gatcgttgag gatctggcct ttgattcact ggccgtcatg 60 
aattttgtca tggaaatcga ggacacgctc gacgtttccg tgccgcttga ccggctggct 120 
gatatccgca ccattgatga tctggctgcc tgtatcgtct ctctcaagca ggcatcctga 180 
tacaccatgt cgattttctc gaaatatgaa ggccttgcgt ccgccctgtc ggcggtaacg 240 
gccgatggtg ggcgcaaccc gttcaacgtc gtgatcgaaa agcccatttc ctccacggtc 300 
gggctgatcg aagggcgcga gacgcttctg ttcggcacca acaactatct tgggctgagc 360 
cagtccccgg ccgcgatcga agcggcggtg gaagccgcca gggcttatgg tgtcggcacg 420 
accggatcgc gcatcgccaa tggcacgcag ggtctgcacc gccagttgga agagcggctg 480 
tgcaccttct tccgtcgtcg gcactgcatg gtgttttcca ccggttacca ggccaatctg 540 
ggcacgattt ccgcactggc gggcaaggac gattatctgc tgcttgatgc ggacagccat 600 
gccagcatct atgatggcag ccgccttggc catgcgcagg tcatccgctt ccgtcacaac 660 
gacgccgatg acctgcataa acgcctgcgc cgccttgatg gtacgcccgg agcgaaactg 720 
gtcgtggtcg aaggcatcta ttccatgatg ggcgacgtcg ttcccatggc ggaattcgcg 780 
gccgtcaagc gggaaaccgg tgcatggctg ctggcggatg aagcacattc cgttggtgta 840 
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atgggcgaac atggccgtgg cgtggcggaa tccgacggcg tggaagatga tgtcgatttt 900 

gtcgtcggca ccttttccaa aagccttggc acggttggtg gctactgtgt ttccaaccat 960 

gccgggctgg acctgatocg gctgtgttcg cgtccgtaca tgttcaccgc atccctgccg 1020 

ccggaagtca tcgccgcgac catggccgcg ctgactgaac tggaaaaccg gccggaactg 1080 

cgcgtgcggt tgatggacaa tgcacgcagg cttcatgacg ggctgcaggc ggccggcctg 1140 

cgcaccggcc cgcaggccag tcctgtcgtg tccgtcattc tggatgatgt ggcggttgcc 1200 

gtggcgttct ggaaccggct gctggacctt ggggtttacg tcaacctcag cctgccgcct 1260 

gcaacgcccg accagcatcc cctgctgcgg acctccgtca tggcgaccca tacgccggag 1320 

cagatagacc gggccgtgga aatcttcgcc gttgtagcgg gcgagatggg tatcaaccgc 1380 

gccgcctgaa aaaacctgcc tgccgtaatt tccacagcag atacggcagg cagaccagcg 1440 

gatgccgttc cgaaaacggc cccagcggca gttcaatgcc ggaatgccgc ctgatcttcc 1500 

atgcgatata gcgcgcgcca ccttcaaacg tgaaggcccc cttgaacagg cggctgacat 1560 

tcagcacgcg ccccagccga ccacgcagcc accagccttc gtacatcttc cggcgcagtt 1620 

caggtgtcag ctggggggtt agttgatcgc cctcagaccg gaacggcagg ccatcggcgc 1680 

gccatacatc cggcagcagg cgcctgtacc. gtgcttqctg cccctgtagc aggctacgcg 1740 

gcctgcggcc gttctccaca cgcagttccg caccgtaagt atgggcgaac agggccagcc 1800 

agtagtcatc ggccgtgccc tgtgccggac ccagggcggc agcecagcgc cccgcctgcc 1860 

ccaccgcgcg gataatgcag gccaggatgg catcggccgc gtccggttcc ctgacccata 1920 

caagccgcac aggctggcag aagcgtgccc agaccgtggt atccaacgtg gcgcgtcccg 1980 

tcatgcggcg gaactgcgct atggacagga tggcca 2016 
<210> 2 
<211> 400 
<212> PRT 

<213> Gluconacetobacter entanii 
<400> 2 

Met Ser He Phe Ser Lys Tyr Glu Gly Leu Ala Ser Ala Leu Ser Ala 

5 10 15 ' 

Val Thr Ala Asp Gly Gly Arg Asn Pro Phe Asn Val Val He Glu Lys 
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20 25 30 

Pro lie Ser Ser Thr Val Gly Leu lie 61u Gly Arg Glu Thr Leu Leu 

35 40 45 

Phe Gly Thr Asn Asn Tyr Leu Gly Leu Ser Gin Ser Pro Ala Ala lie 

50 55 60 

Glu Ala Ala Val Glu Ala Ala Arg Ala Tyr Gly Val Gly Thr Thr Gly 
65 70 75 80 

Ser Arg He Ala Asn Gly Thr Gin Gly Leu His Arg Gin Leu Glu Glu 

85 90 95 

Arg Leu Cys Thr Phe Phe Arg Arg Arg His Gys Met Val Phe Ser Thr 

100 105 110 

.Gly Tyr Gin Ala Asn Leu Gly Thr He Ser Ala Leu Ala Gly Lys Asp 

115 120 125 

Asp Tyr Leu Leu Leu Asp Ala Asp Ser His Ala Ser He Tyr Asp Gly 

130 135 140 

Ser Arg Leu Gly His Ala Gin Val He Arg Phe Arg His Asn Asp Ala 
145 150 ^ 155 160 

Asp Asp Leu His Lys Arg Leu Arg Arg Leu Asp Gly Thr Pro Gly Ala 

165 170 175 

Lys Leu Val Val Val Glu Gly He Tyr Ser Met Met Gly Asp Val Val 

180 185 190 

Pro Met Ala Glu Phe Ala Ala Val Lys Arg Glu Thr Gly Ala Trp Leu 

195 200 205 

Leu Ala Asp Glu Ala His Ser Val Gly Val Met Gly Glu His Gly Arg 

210 215 220 

Gly Val Ala Glu Ser Asp Gly Val Glu Asp Asp Val Asp Phe Val Val 
225 230 235 240 

Gly Thr Phe Ser Lys Ser Leu Gly Thr Val Gly Gly Tyr Cys Val Ser 
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245 250 255 

Asn His Ala Gly Leu Asp Leu lie Arg Leu Cys Ser Arg Pro Tyr Met 

260 265 270 

Phe Thr Ala Ser Leu Fro Pro Glu Val He Ala Ala Thr Met Ala Ala 

275 280 285 

Leu Thr Glu Leu Glu Asn Arg Pro Glu Leu Arg Val Arg Leu Met Asp 

290 295 300 

Asn Ala Arg Arg Leu His Asp Gly Leu Gin Ala Ala Gly Leu Arg Thr 
305 310 315 320 

Gly Pro Gin Ala Ser Pro Val Val Ser Val He Leu Asp Asp Val Ala 

325 330 335 

Val Ala Val Ala Phe Trp Asn Arg Leu Leu Asp Leu Gly Val Tyr Val 

340 345 350 

Asn Leu Ser Leu Pro Pro Ala Thr Pro Asp Gin His Pro Leu Leu Arg 

355 360 365 

Thr Ser Val Met Ala Thr His Thr Pro Glu Gin He Asp Arg Ala Val 

370 375 380 

Glu He Phe Ala Val Val Ala Gly Glu Met Gly He Asn Arg Ala Ala 
385 390 395 400 

<210> 3 
<211> 1705 
<212> DNA 
<213> Acetobacter aceti 

<400> 3 

gaagacagct tggatgtatc tatcccgctc gacaaactgg ctgatatccg aacgattaat 60 
gaccttgccg cttgcattgt tgctctgaaa aacaaagggt gaggcgtgga tgacatcact 120 
attttccaaa tttgaaggta cggcaggcgc gctgggttcc gttgtggccg taggcggtcg 180 
caaccctttt gctgttgtta ttgaaaaacc tgtctcttca actgttggaa ttattgaagg 240 
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tcgggaaacg cttctttttg gcaccaataa ctatttgggg cttagtcaat ccaaaaatgc 300 
cattcaagca gcccagcagg ctgccgcggc atgtggcgta ggcacaacgg gctcacgcat 360 
tgcaaatggc acacaatccc tgcaccgaaa gcttgaaaaai gatattgccg cgttttttgg 420 
tcggcgtgat gccatggttt tttccacggg gtatcaggca aacctcggca ttatttccac 480 
gctggcaggt aaggatgacc acctgtttct ggatgctgat agccacgcca gtatctatga 540 
tggcagccgc ctgagtgcag cagaagttat tcgcttccgc cataatgatc cagacaacct 600 
ttataaacgc cttaaacgca tggatggcac gccaggcgcc aaattgattg tggttgaagg 660 
catttattcc atgacgggta atgttgcccc gattgcagaa tttgttgctg ttaaaaaaga 720 
aacaggcgct tacctgctgg tagatgaagc ccattctttt ggcgtgttgg gtcaaaatgg 780 
gcgtggtgcc gctgaggctg atggcgtgga agctgatgtg gactttgttg tcggcacatt 840 
ttccaaaagc ttgggcacag ttggcggtta ctgcgtatct gaccatcctg agctggagtt 900 
tgtgcgctta aactgccggc cctatatgtt tacggcatcg ctaccgccgg aagttattgc 960 
tgccacaacg gctgccttga aagatatgca ggcacatcct gaattgcgta agcagcttat 1020 
■ggcaaacgcg cagcaactac atgcaggttt tgtagatatt gggctaaatg ccagcaaaca 1080 
cgcaacccca gttattgccg ttacattgga aacagctgaa gaagctattc ccatgtggaa 1140 
caggcttttg gaacttggtg tttatgtaaa tctcagcctt cctccggcta caccagattc 1200 
gcggccgttg ctccgttgtt ccgtaatggc cacccatacg cccgaacaaa ttgcgcaggc 1260 
tattgccata ttcaggcagg ctgcggcaga agtaggcgta accatcacac cctccgctgc 1320 
ttaaaaaaaa gctatttgcg cttgaatgcc ccttgctgcc 1360 
<210> 4 
<211> 417 
<212> PRT 
<213> Acetobacter aceti 

<400> 4 

Met Thr Ser Leu Plie Ser Lys Phe Glu Gly Thr Ala Gly Ala Leu Gly 

5 10 15 

Ser Val Val Ala Val Gly Gly Arg Asn Pro Phe Ala Val Val lie Glu 

20 25 30 

Lys Pro Val Ser Ser Thr Val Gly lie He Glu Gly Arg Glu Thr Leu 
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35 40 . 45 

Leu Phe Gly Thr Asn Asn Tyr Leu Gly Leu Sex Gin Ser Lys Asn Ala 

50 55 60 

ne Gin Ala Ala Gin Gin Ala Ala Ala Ala Cys Gly Val Gly Thr Thr 
65 70 75 80 

Gly Ser Arg He Ala Asn Gly Thr Gin Ser Leu His Arg Gin Leu Glu 

85 90 95 

Lys Asp He Ala Ala Phe Phe Gly Arg Arg Asp Ala Met Val Phe Ser 

100 105 110 

Thr Gly Tyr Gin Ala Asn Leu Gly lie He Ser Thr Leu Ala Gly Lys 

115 120 125 

Asp Asp His Leu Phe Leu Asp Ala Asp Ser His Ala Ser lie Tyr Asp 

130 135 140 

Gly Ser Arg Leu Ser Ala Ala Glu Val lie Arg Phe Arg His Asn Asp 
145 150 155 160 

Pro Asp Asn Leu Tyr Lys Arg Leu Lys Arg Met Asp Gly Thr Pro Gly 

. 165 170 175 

Ala Lys Leu He Val Val Glu Gly He Tyr Ser Met Thr Gly Asn Val 

180 185 190 

Ala Pro He Ala Glu Phe Val Ala Val Lys Lys Glu Thr Gly Ala Tyr 

195 200 205 

Leu Leu Val Asp Glu Ala His Ser Phe Gly Val Leu Gly Gin Asn Gly 

210 215 220 

Arg Gly Ala Ala Glu Ala Asp Gly Val Glu Ala Asp Val Asp Phe Val 
225 230 235 240 

Val Gly Thr Phe Ser Lys Ser Leu Gly Thr Val Gly Gly Tyr Cys Val 

246 250 255 

Ser Asp His Pro Glu Leu Glu Phe Val Arg Leu Asn Cys Arg Pro Tyr 
260 265 270 
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Met Phe Tkr Ala Ser Leu Pro Pro Glu Val He Ala Ala Thr Thr Ala 

275 280 285 

Ala Leu Lys Asp Met Gin Ala His Pro Glu Leu Arg Lys Gin Leu Mel 

290 295 300 

Ala Asn Ala Gin Gin Leu His Ala Gly Phe Val Asp lie Gly Leu Asn 
305 310 315 320 

Ala Ser Lys His Ala Thr Pro Val He Ala Val Thr Leu Glu Thr Ala 

325 330 335 

Glu Glu Ala He Pro Met Trp Asn Arg Leu Leu Glu Leu Gly Val Tyr 

340 345 350 

Val Asn Leu Ser Leu Pro Pro Ala Thr Pro Asp Ser Arg Pro Leu Leu 

355 360 365 

Arg Cys Ser Val Met Ala Thr His Thr Pro Glu Gin He Ala Gin Ala 

370 375 380 

He Ala He Phe Arg Gin Ala Ala Ala Glu Val Gly Val Thr He Thr 
385 390 395 400 

Pro Ser Ala Ala 
<210> 5 
<211> 30 . 

<212> DNA 

<213> Artificial Sequence 
<400> 5 

ctggctgcct gtatcgtctc tctcaagcag 30 
<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 6 
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acggctgcag ctggtctgcc tgccgtatct 30 
<210> 7 
<2U> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 7 

ggcaaacctc ggcattattt ccacgctggc 30 
<210> 8 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<400> 8 

gcgaatctgg tgtagccgga ggaaggctg 29 

<210> 9 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 9 

gecagcgtgg aaataatgcc gaggtttgcc 30 
<210> 10 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 10 

cagocttcct ccggctacac cagattcgc 29 
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